Background {#Sec1}
==========

Adolescence is the transitional phase between late childhood and the beginning of adulthood \[[@CR1]\], during which adolescents undergo rapid changes compared to other developmental periods. Psychologically, identity is formed, including self-exploration for interpersonal goals, i.e., the need for social friendship and the determination for an autonomous, organized personality \[[@CR2]\]. At the cognitive level, adolescents develop general thinking, allowing for a hardly noticeable formulation of a multifaceted personality and a growing concern in appreciating and accepting one's self compared to others \[[@CR3]\]. During this complex phase \[[@CR4]\], adolescents face biological and experiential changes and chart their lifestyles, which will have long-term impacts on all facets of their growth, including health. Risky behaviors occur naturally during adolescence and can extend into adulthood; cigarette and waterpipe smoking and alcohol use are among the main risky behaviors initiated during this period and might become addictions \[[@CR5]\]. The American Society of Addiction Medicine (ASAM) defines addiction as "*a primary chronic disease of brain reward, motivation, memory, and related circuitry*" \[[@CR6]\]. To further explain addictions, the Diagnostic and Statistical Manual of Mental Disorders- 5th edition (DSM-5) (APA, 2013) \[[@CR7]\] expanded the chapter on substance-related disorders to include not just the types of psychoactive substances but also addictive behaviors, particularly the internet addiction \[[@CR8]\].

Moreover, according to Problem Behavior Theory \[[@CR9]\], first proposed by Jessor, the family structure (divorce, communication between parents and child) predicts externalizing problems (smoking, alcohol drinking).

Previous studies have shown that divorce induced a higher risk of alcohol onset among students rather than parental drinking \[[@CR10], [@CR11]\]. Also, adolescents from non-intact families (defined as children who did not live with both biological parents at the end of childhood due to parental separation or single motherhood at birth) started alcohol drinking at a younger age and reported frequent and heavy drinking, and drunkenness compared to those from intact families \[[@CR10]\]. The same study showed that 32% of adolescents as young as 11 to 13 years of age, who experienced parental separation/divorce, reported having drunk a full alcoholic beverage \[[@CR10]\]. In Lebanon, alcohol use during adolescence is high due to the ease of purchase (no age restriction, cheap price \< 2\$), and the lack of strict laws against alcohol \[[@CR12]\].

The prevalence of cigarette smoking among adolescents is on the rise worldwide and varies between 10.4% \[[@CR13]\] and 51% \[[@CR14]\], mostly occurring in developing countries \[[@CR15]\]; Lebanon ranks first in the Middle East and among Arab women, with 43% of men and 28% of women in Lebanon being smokers \[[@CR15]\]. Waterpipe smoking prevalence is also high in Lebanon, especially in youth, with 35% of teens aged between 13 and 15 having used it; among those, 47% smoked less than once weekly, 38% weekly but not daily, and 16% daily \[[@CR16]\]. A study had demonstrated that divorce increased the risk of initiating drinking and smoking \[[@CR17]\]; however, to our knowledge, no studies have yet evaluated the association between divorce and waterpipe addiction during adolescence.

The number of Internet users is growing exponentially worldwide, exceeding 2.5 billion active users, particularly adolescents \[[@CR18]--[@CR20]\]. Teenagers with internet addiction are more likely to have divorced parents and emotional problems, with most of them being males \[[@CR21]\]. Many factors, including but not limited to the environment, emotional immaturity, and the inability to cope with negative emotions, are underlying reasons for internet addiction among adolescents, emphasizing the possible relationship between divorce and internet addiction in this age group \[[@CR22]\]. A study covering determinants of internet addiction during adolescence shows that 7% of adolescent internet addicts have dysfunctional and/or problematic family relationships \[[@CR23]\].

Not every adolescent is at equal risk of developing an addiction. Many studies \[[@CR23], [@CR24]\] have investigated various aspects of addiction among adolescents and determined the reason behind it and why some adolescents are more prone to addiction than others. Susceptibility differs because the vulnerability of people varies according to different genetic, environmental, and developmental factors, such as the Western and Eastern culture \[[@CR25]\].

Since divorce rates are steadily growing in Lebanon (an increase of 101% between 2006 and 2017) \[[@CR26], [@CR27]\], and since previous international studies \[[@CR11], [@CR28]--[@CR31]\] have shown a relationship between divorced parents and adolescents' addiction to smoking, alcohol, and the internet, assessing the background of the Lebanese situation was deemed necessary. The practical implication of our study relates to evaluating the possible influence of previous or recent parental divorce on adolescent addiction to warn the parents about the importance of secure attachment. Therefore, the objective of our study was to examine the association between the divorce of parents and smoking, alcohol, and internet addiction among a representative sample of Lebanese adolescents.

Methods {#Sec2}
=======

Participants {#Sec3}
------------

A cross-sectional study was conducted between January and May 2019. It enrolled students aged between 14 and 17, from a random sample of private schools from all Lebanese Mohafazat/districts (Beirut, Mount Lebanon, North, South, and Beqaa). A total of 18 private schools was contacted, two refused to participate. Those who accepted were distributed as follows: 4 in Beirut, 2 in South Lebanon, 6 in Mount Lebanon, 2 in North Lebanon, and 2 in Beqaa. All students in this age bracket were eligible. Excluded were those who refused to participate. No compensation was offered in exchange for participation. Out of 2000 questionnaires distributed, 1810 (90.5%) were completed and collected back. The methodology used in this study is similar to that of previous publications \[[@CR32]--[@CR34]\].

Questionnaire {#Sec4}
-------------

The questionnaire used was anonymous, in Arabic (the native language in Lebanon), and required approximately 60 min to complete. Students filled it in the classrooms to avoid their parents' influence while answering the questions. At the end of the process, the completed questionnaires were collected back and sent for data entry.

The first part assessed the sociodemographic details of the participants (i.e., age, gender, smoking status, parents' status). Other features were also recorded: the heights and weights of participants to calculate the Body Mass Index (BMI) (kg/m^2^); the number of persons living in the house and the number of rooms in the house, excluding the bathroom and the kitchen, to calculate the household crowding index \[[@CR35]\]; the intensity, duration, and frequency of daily activity as reported by the students to compute the Total Physical Activity Index \[[@CR36]\]. The intensity was evaluated as sustained heavy breathing and perspiration (5 points), intermittent heavy breathing and perspiration (tennis, racquetball) (4 points), moderate-heavy (recreational sports, cycling) (3 points), moderate (volleyball) (2 points), and light (fishing, walking) (1 point). As for the duration, 4 points were attributed for exercising for over 30 min daily, 3 points for 20--30 min daily, 2 points for 10--20 min daily, and 1 point for a daily exercise of under 10 min daily. The frequency of exercising was divided into daily/almost daily (5 points), 3--5 times/week (4 points), 1--2 times/week (3 points), few times a month (2 points), and less than once a month (1 point).

The second part of the questionnaire included the following scales:

### Internet addiction test (IAT) {#Sec5}

It consisted of 20 items, with Likert type responses varying between 0 (does not apply/never) and 5 (always applies). The total score ranged between 20 and 100, with higher scores defining higher internet addiction (Cronbach's alpha = 0.925).

### The alcohol use disorders identification test (AUDIT) {#Sec6}

The 10-item self-reported version of the AUDIT, validated in Lebanon \[[@CR33]\], was used in this study to assess alcohol use, drinking patterns, and alcohol-related issues \[[@CR37]\]. Hazardous Alcohol Disorder (HAD) is considered when the patients score 8 or more (Cronbach's alpha = 0.960).

### Lebanon Waterpipe dependence Scale-11 (LWDS-11) {#Sec7}

The LWDS-11 test was used to assess waterpipe dependence \[[@CR38]\]. It includes 11 items measured on a 4-point Likert scale ranging from 0 to 3. The total score is calculated by summing all responses, with higher scores indicating higher waterpipe addiction (Cronbach's alpha = 0.888).

### Fagerström test for nicotine dependence (FTND) {#Sec8}

The FTND includes six items; dichotomous questions are scored 0 and 1, and multiple-choice items are graded from 0 to 3. All answers are summed to yield a total score of 0--10. The higher the total Fagerström score, the more intense the physical dependence on nicotine \[[@CR39]\] (Cronbach's alpha = 0.825).

Translation procedure {#Sec9}
---------------------

The forward translation was done by a health professional, whose native language is Arabic and fluent in English. A backward translation was then performed by a native English speaker translator, fluent in Arabic, and unfamiliar with the concepts of the scales. The back-translated English questionnaire was subsequently compared to the original English one, aiming to discern discrepancies and to solve any inconsistencies between the two versions.

Statistical analysis {#Sec10}
--------------------

SPSS software version 23 was used to conduct data analysis. Cronbach's alpha values were recorded for the scales' reliability analysis. Counts and percentages, and means and standard deviations, were calculated for categorical and continuous variables, respectively.

A multivariate analysis of covariance (MANCOVA) was carried out to compare multiple scales scores (taken as dependent variables) and the parents' status (living together vs. separated), after adjusting over potential confounding variables: age, gender, house crowding index, and physical activity score. A value of *p* \< 0.05 was considered significant.

Results {#Sec11}
=======

Table [1](#Tab1){ref-type="table"} summarizes the sociodemographic characteristics of the participants. The mean age was 15.42 ± 1.14 years, with 53.3% females, 74.1% nonsmokers, and 11.9% \[95% CI 0.104--0.134\] having separated/divorced parents. Table 1Sociodemographic characteristics of the sample population**Frequency (%)Gender** Male844 (46.7%) Female963 (53.3%)**Parents status** Living together1581 (88.1%) Separate213 (11.9%)**Smoking status** Yes468 (25.9%) No1342 (74.1%)**Mean ± SDAge (years)**15.42 ± 1.14**Body Mass Index (kg/m2)**21.95 ± 4.21**Household crowding index**1.01 ± 0.64

Figure [1](#Fig1){ref-type="fig"} shows the mean values of the addiction scales adjusted for age, gender, house crowding index, and physical activity, according to parent status. After adjusting for all covariates, a significantly higher mean of AUDIT (15.09), FTND (4.55), and LWDS-11 (11.14) scores were found in adolescents whose parents are separated as compared to those whose parents are living together. No significant difference was found for the IAT total score. Fig. 1Mean values of the addiction scales according to parent status adjusted for age, gender, house crowding index and physical activity

Multivariate analysis {#Sec12}
---------------------

The MANCOVA analysis was performed taking the scales as the dependent variables and the groups of parents' status (living together vs. separate) as the independent variable, after adjusting for the covariates (age, gender, house crowding index, and physical activity score).

Considering the AUDIT score as the dependent variable, adolescents whose parents are separated compared to living together (Beta = 8.035) and higher physical activity index (Beta = 0.06) were significantly associated with higher AUDIT scores.

Taking the IAT score as the dependent variable, being a female (Beta = 2.697), older age (Beta = 0.991), and higher physical activity index (Beta = 0.234) were significantly associated with higher IAT scores.

Taking the FTND score as the dependent variable, adolescents whose parents are separated compared to living together (Beta = 2.767) were significantly associated with higher FTND scores. Older age (Beta = − 0.333) and higher house crowding index (Beta = − 0.357) were significantly associated with lower FTND scores.

Taking the LWDS-11 score as the dependent variable, adolescents whose parents are separated compared to living together (Beta = 5.263) were significantly associated with higher LWDS-11 scores. Older age (Beta = − 1.293) and higher house crowding index (Beta = − 1.098) were significantly associated with lower LWDS-11 scores (Table [2](#Tab2){ref-type="table"}). Table 2Multivariate analysis of covariance (MANCOVA)**Beta*p*-value95% Confidence IntervalPartial Eta SquaredLower BoundUpper BoundAUDIT total score** Age0.3320.064−0.019.6830.001 Gender (females vs males^a^)0.2950.493−0.5481.1370.001 Parents status (separated vs living together^a^)8.035**\< 0.001**6.8409.2300.10 House crowding index−0.1610.624−0.8050.4830.001 Physical activity score0.060**\< 0.001**0.0320.0890.003**IAT total score** Age0.991**0.017**0.1781.8030.006 Gender (females vs males\*)1.6950.070−0.1363.5260.002 Parents status (separated vs living together\*)−0.5840.679−3.3482.1810.001 Physical activity score0.234**\< 0.001**0.1680.3010.03 House crowding index1.1410.084−0.1542.4360.001**FTND** Age−0.333**\< 0.001**−0.462− 0.2030.02 Gender (females vs males\*)−0.0970.540−0.4090.2140.001 Parents status (separated vs living together\*)2.767**\< 0.001**2.3253.2090.09 House crowding index−0.357**0.003**−0.595− 0.1190.005 Physical activity score0.0050.354−0.0060.0160.001**LWDS-11** Age−1.293**\< 0.001**−1.687−0.8990.03 Gender (females vs males\*)−0.966**0.029**1.834−0.0990.003 Parents status (separated vs living together\*)5.263**\< 0.001**3.9236.6040.044 House crowding index−1.098**0.003**− 1.820−0.3760.005 Physical activity score0.0160.320−0.0160.0480.001Note: In the global model, the independent variable is Parents status (living together\* vs. separate). Covariates are: age, gender, house crowding index and physical activity score\*Reference group; numbers in bold indicate significant p-values

The MANCOVA analysis, taking all the scales as dependent variables and adjusted for the covariates (age, gender, house crowding index, physical activity score, and Mouhafaza/district), can be found in Supplementary Table [1](#MOESM1){ref-type="media"}. Living in Mount Lebanon was significantly associated with higher cigarette and waterpipe dependence compared to living in Beirut while living in the North, South, and Beqaa was significantly associated with lower alcohol use disorder and cigarette dependence compared to living in Beirut.

Discussion {#Sec13}
==========

This cross-sectional national study, conducted on a group of adolescents across all districts in Lebanon, aimed to assess the potential risk factors for addiction among adolescents, particularly the effect of parental status on adolescents' risky behavior. The results of the study showed that adolescents whose parents are divorced or separated were more likely to have hazardous alcohol disorder (HAD), greater dependence on cigarette and waterpipe, but not higher internet addiction.

Parental divorce was significantly associated with possible HAD among adolescents, in agreement with the findings of a previous study \[[@CR30]\]. Indeed, parental divorce is among the most frequently recognized adverse events encountered during childhood, which has been associated with higher odds of alcohol consumption and HAD in adolescence and early adulthood. Divorce is expected to increase possible HAD as it reduces the supervision of adolescents, decreases parental effectiveness, and increases access to alcohol, as parents are busy solving their problems. In that case, alcohol use in adolescents may be due to more propensity to seek out new and potentially dangerous situations and meet emotional needs, especially that the parents are at first busy trying to solve their problems. Another possible reason would be that parental divorce may lead to higher affiliation with substance-using peers, thereby increasing alcohol consumption among adolescents \[[@CR28], [@CR40]\]. Hence, the absence of monitoring by separated parents leads to outings with unusual peers, increased access to alcohol, and eventually earlier age of drinking initiation \[[@CR10]\]. Parental divorce may have less influence on adolescents' risky behaviors once they become more independent and less reliant on parental support \[[@CR10]\].

Furthermore, our results showed that parental divorce was not associated with higher internet addiction among adolescents, contrary to previous findings \[[@CR29], [@CR31]\]. Mann's notion of availability as a law of addiction \[[@CR41]\] suggests that greater internet availability may foster greater engagement in online activities. It is noteworthy that internet accessibility is not homogenous on the Lebanese territory and that many adolescents do not have full-time access to the internet or electronic devices. Another reason might be the emergence of parental control software that blacklist certain types of websites, apply time limits, and schedule internet access \[[@CR42]\].

Finally, consistent with previous studies \[[@CR11], [@CR30]\], our results showed that adolescents whose parents are separated had higher odds of smoking dependence. The period of parental conflict is a significant stressor for children, which can produce an aversive home environment that may be responsible for the negative correlation with health outcomes. Extensive research has attempted to identify some of the main risk factors for smoking initiation; it appears that psychological distress, such as a depressed mood, and high levels of rebelliousness may be triggers for nicotine addiction \[[@CR43], [@CR44]\]. Another explanation might be that, at this age, without rigorous parental supervision, adolescents are unable to grasp the long-term risks and consequences of smoking and often feel like it is their "self-medication" rather than a potential risk factor for subsequent diseases \[[@CR45]\]. Moreover, the uptake of a new, potentially harmful habit could be a way for adolescents to grab their parent's attention when the parent-child bond is weakened. It is noteworthy that our study was conducted in a Middle-Eastern country where waterpipe smoking is highly prevalent and part of the cultural, traditional, and social heritage \[[@CR11], [@CR46]\]. It is also perceived as a means of socialization, entertainment, and relaxation, thus popular among young people \[[@CR47]\].

Sociodemographic characteristics {#Sec14}
--------------------------------

Female gender was significantly associated with lower waterpipe dependence, in line with other studies \[[@CR48], [@CR49]\]. The explanation could be that the prevalent culture in Lebanon accepts more male rather than female smokers \[[@CR50]\]. Further, older age was significantly associated with lower smoking scores, in line with one previous study \[[@CR51]\] but contradictory with others \[[@CR48], [@CR52]\]. It is hypothesized that these older adolescents may have a higher awareness of the health consequences of smoking than younger adolescents \[[@CR51]\]. In addition, higher house crowding index was associated with lower smoking addiction in adolescents, in line with previous research \[[@CR53], [@CR54]\]. This negative association can be hypothesized by the fact that a crowded house does not give to adolescent's freedom or the time to smoke alone, especially if their roommate is annoyed by passive smoking \[[@CR32]\].

Higher physical activity index was significantly associated with higher AUDIT scores, in line with previous studies \[[@CR55], [@CR56]\]. Although the factors and direction of the association between physical activity and alcohol addiction are unclear, previous research speculates that both behaviors may have a mutual influence \[[@CR57]\]. Active people tend to be exposed to a more frequent social interaction, which in turn could lead to higher alcohol consumption; thus, alcohol consumers could practice more physical activity to compensate for drinking alcohol \[[@CR58]\].

Further, older age was significantly associated with higher internet addiction, in line with previous findings \[[@CR59]\] showing that with age, adolescents have a higher level of independence; their leisure time and social activities are less controlled by their parents.

Clinical implications {#Sec15}
---------------------

The high rates of addiction (cigarette and waterpipe smoking and alcohol drinking) among adolescents whose parents are divorced, revealed by our results, highlight the urgent need for health managers and policymakers to develop evidence-based interventions to reduce the risk and consequences of divorce. Increasing parental education in such situations is needed to improve parents' communication proficiency, a necessary component in reducing the adolescent's emotional suffering and loneliness, and achieve healthy familial interactions.

Limitations {#Sec16}
-----------

This study has a few limitations. Its cross-sectional design does not infer causality (the temporal occurrence of the events is unknown). It did not assess the duration for which adolescents were exposed to parental separation nor that of each addiction. Also, for quitters, no enough data was available regarding the time they stopped smoking; therefore, it is not known whether quitting was done before or after parental divorce. Some of the questions may not have been correctly understood, thus leading to information bias. Also, the study did not take into consideration adolescents who do not attend schools. Finally, the schools' selection process might have caused a selection bias.

Conclusion {#Sec17}
==========

Parental divorce is correlated to higher alcohol and smoking, but not internet addiction among adolescents. Divorced parents should always follow-up on their children to prevent them from developing behaviors that could potentially harm them.

Supplementary information
=========================

 {#Sec18}

**Additional file 1: Table S1.** Multivariate analysis of covariance (MANCOVA). Note: In the global model, the independent variable is Parents status (living together\* vs. separate). Covariates are: age, gender, mouhafaza, house crowding index and physical activity score. \*Reference group.
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